Background: We investigated how STI risk perception relates to behavioural STI risk and STI healthcare (sexual health clinic attendance/chlamydia testing) in the British population. Methods: Natsal-3, a national probability-sample survey undertaken 2010-12, included 8397 sexually-active 16-44 year-olds. Participants rated their risk of STIs (excluding HIV) given their current sexual lifestyle. Urine from a randomly-selected sub-sample of participants (n = 4550) was tested for prevalent STIs (Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma genitalium, Trichomonas vaginalis). Findings: Most men (64% (95% CI: 62-66)) and women (73% (72-74)) rated themselves as not at all at risk of STIs, 30% (29-32) men and 23% (22-25) women self-rated as not very much, and 5% (5-6) men and 3% (3-4) women as greatly/quite a lot at risk. Although those reporting STI risk behaviours were more likely to perceive themselves as at risk, N 70% men and N 85% women classified as having had unsafe sex in the past year, and similar proportions of those with a prevalent STI, perceived themselves as not at all or not very much at risk. Increased risk perception was associated with greater STI healthcare-use (past year), although not after adjusting for sexual behaviour, indicating in a mediation analysis that risk perception was neither necessary or sufficient for seeking care Furthermore, 58% (48-67) men and 31% (22-41) women who had unsafe sex (past year) and rated themselves as greatly/quite a lot at risk had neither attended nor tested. Interpretation: Many people at risk of STIs in Britain underestimated their risk, and many who correctly perceived themselves to be at risk had not recently accessed STI healthcare. Health promotion needs to address this mismatch and ensure that people access healthcare appropriate to their needs.
Introduction
Several models of behaviour change propose that recognising oneself to be at risk is a key requirement for action, alongside other factors including self-efficacy, social norms, availability of a course of action to reduce risk, and cues to behaviour change [1] . However, across multiple areas of health a 'perception gap' has been found between people's risk perceptions and their actual risk [2] . Risk perception is influenced by many factors other than knowledge, including personality characteristics [3] , emotional responses [4] , how much benefit is obtained as a result of taking the risk [5] , mental shortcuts ('heuristics') and biases including optimism bias, where people overestimate the personal like-other influences on risk perception as described above may lead to an under-or over-estimation of individual STI risk, which in turn could influence sexual behaviour and healthcare-seeking. We have previously shown that in Britain, substantial proportions of those at risk had not accessed sexual health clinics or chlamydia testing despite these services being free at the point of care [8] , suggesting either a lack of risk perception or other barriers to accessing care. We have also previously shown a mismatch between HIV risk perception and indicators of HIV risk among the British population [9] , however these findings may not be generalisable to other STIs due to real and perceived differences in how prevalent the infections are, which population groups are affected, and the consequences of infection.
Although several studies internationally have found low STI risk perception, including among high-risk populations [10] [11] [12] [13] , the only recent British data come from convenience samples of young people and may not represent the population more generally [14, 15] . We investigate the relationship between STI risk perception and sexual behaviour and prevalent STIs to assess the risk perception gap using data from Britain's most recent probability sample survey, the third National Survey of Sexual Attitudes and Lifestyles (Natsal-3), meaning the data are broadly representative of the British population aged 16-44 years. We also investigate associations between risk perception and STI healthcare-use, including assessment of the extent to which risk perception may lead those with risk behaviours to attend services/test for STIs, based on the hypothesis that risk perception is one mechanism but that there may be others. These analyses aim to inform and refine health promotion messaging and identify opportunities for improving healthcare pathways.
Methods

Participants and Procedures
Natsal-3 is a stratified probability-sample survey of 15,162 men and women aged 16-74 years in Britain, conducted in 2010-2012. Full details of the methods and demographic characteristics of participants have been reported elsewhere [16] . The response rate was 57.7% (of all known eligible or estimated eligible addresses). Participants were interviewed using computer-assisted face-to-face (CAPI) and selfcompletion (CASI) questionnaires. We present data on STI risk perception among 8357 participants (3391 men, 4966 women) aged 16-44 years reporting at least one sexual partner in the past year ('sexually-active'). The 16-44 year age group was selected to focus on those at greater risk of STIs [17, 18] , however we also include an appendix with estimates for all participants aged 16-74 years.
Research in context
Evidence before this study Decades of research into behavioural economics, cognitive psychology, and neuroscience have shaped our understanding of how people perceive risk, and why, for any particular threat, this may not always tally with an evidence-based view of risk favoured by scientists and decision-makers. This 'perception gap' has been demonstrated across different aspects of health and safety, with the direction and extent of the gap varying by topic and population. We searched PubMed and Google Scholar (February 2018) for the terms 'STI risk perception' and 'STI perceived risk' to review the literature relating to perceived risk of sexually transmitted infections. In selecting articles, we focussed on STIs other than HIV and on studies from high-income countries, given the potential for differences in risk perception between HIV and other STIs and across population groups. These studies suggested low levels of STI risk perception, both in the general population and among high-risk sub-groups, however no recent nationally-representative data were available on STI risk perception in the general population in Britain.
Added value of this study
This is the first study to quantify the risk perception gap for STIs in a nationally-representative sample of the British population aged 16-44 years. The combination of behavioural, risk perception, service use, and biological (urine samples tested for STIs) data enables an in-depth examination of the gap between STI risk perception and actual risk, and of the relationship between behaviour, perception, and healthcare-use. We found that although increased STI risk perception was associated with greater reporting of risk behaviours, large proportions of those at risk, including those with a prevalent STI detected in their urine, did not perceive themselves to be at risk. Furthermore, many of those who reported risk behaviours and did perceive themselves to be at risk had not attended sexual health clinics or been tested for chlamydia, and mediation analysis suggested STI risk perception was not on the causal pathway between STI risk behaviour and engagement with STI healthcare. These findings suggest the need for other triggers to encourage STI testing and overcome barriers to accessing care among those at risk.
Implications of all the available evidence
This study identifies falsely optimistic views of personal STI risk among those at behavioural risk of, and those with, prevalent STIs in the British population, which could have important implications for individual and population sexual health. This risk perception gap is consistent with that found in other areas of public health and, together with the evidence that risk perception may be neither sufficient nor necessary for engagement with STI healthcare, supports the use of health promotion approaches which emphasise relevant behaviours of both individuals and their partners such as partner change and unprotected sex and consider diverse influences on behaviour including social, emotional and cognitive processes. 
Measures
Towards the end of the interview, participants were asked a CAPI question about perceived risk of STIs (excluding HIV) using a showcard listing response options assigned letter codes to promote privacy (panel). This followed a similar question about perceived HIV risk [9] . CASI questions about sexual behaviour with opposite-and same-sex partners included: number of partners, number of partners without a condom, and sexual practices. Detailed CASI questions were asked about up to three most recent sexual partners in the past 5 years, including month/year of first and most recent occasion of sex, condom use at first and most recent sex, whether any of these partnerships overlapped (concurrency). Participants were considered to have had 'unsafe sex' in the past year if they reported condomless sex with a new partner and/or ≥2 sexual partners and no condom use at all (excluding those reporting only oral sex in the past year). This measure was created to align with clinical recommendations for sexual health checks among those who have had unprotected sex with a new partner [19] and epidemiological data showing increased risk of STIs with multiple partners [18] . CASI questions about STI healthcare-use included whether the participant had ever attended a sexual health clinic (GUM clinic) or tested for chlamydia in any setting (and if so when). Non-response to CAPI and CASI questions was low (typically 1-3%), non-response to the STI risk perception question was b 0.5%.
A randomly-selected sub-sample of participants aged 16-44 (n = 4550) were invited to provide urine samples which were tested for STIs including Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma genitalium, and Trichomonas vaginalis; full details of the urine protocol have been reported elsewhere [16, 18] . We present STI risk perception among 59 men and 114 women testing positive for ≥1 of these ('prevalent STI'). As these STIs are treatable with antibiotics within a short timeframe, it was assumed that most participants with prevalent STIs had not yet been diagnosed and were unaware of the infection.
Statistical Analysis
Analyses were carried out using Stata v14 (StatCorp, 2015. Stata Statistical Software: Release 14. College Station, Texas, USA) accounting for stratification, clustering, and weighting of the sample. Data were weighted to account for differential probabilities of selection to the survey and to address non-response bias by age, sex and region. Additional weights were applied for analysis of the urine data to account for selection and non-response to the urine sample.
We present descriptive analyses (percentages and 95% confidence intervals (CIs)) of risk perception by age group and sex. Multinomial regression was used to examine associations between sexual behaviour and STI risk perception to allow inclusion of risk perception as a categorical, rather than binary, outcome. Age-adjusted relative risk ratios were calculated (with age entered into the model as a continuous variable) for rating oneself as greatly/quite a lot at risk (combined due to small numbers) or not very much at risk, both compared with not at all at risk. We examined the perception gap by describing STI risk perception among those reporting unsafe sex in the past year, and those with a prevalent STI detected in their urine, as measures of actual risk.
Finally, we conducted mediation analysis [20] to investigate the hypothesis that risk perception is on the causal pathway between STI risk behaviours and STI healthcare-use. According to this approach, the following criteria should be met to provide evidence for this hypothesis: 1) STI risk behaviours should be associated with STI healthcare-use (demonstrated in our previous work) [8] , 2) STI risk behaviours should be associated with STI risk perception (assessed using multinomial regression analysis described above), 3) STI risk perception should be associated with healthcare-use after adjustment for risk behaviours, 4) adjusting for STI risk perception should reduce (partial mediation) or remove (complete mediation) the association between risk behaviours and healthcare-use.
Criteria 3) and 4) were assessed via two multivariable logistic regression models (dependent variable = STI healthcare-use): model 1 included risk behaviours only, whereas model 2 additionally included risk perception. Age was included in all models as a continuous variable and an a priori important confounder. Rather than include all behavioural variables in these models, a selection process was used to identify a restricted set of behavioural variables for inclusion, based on exploratory analysis showing potential collinearity between behavioural variables (indicated by increased standard errors). Behavioural variables were prioritised for entry into the model based on conceptual importance (e.g. unsafe sex was prioritised as it incorporates both partner change and condom use), strength of evidence (p-value) and strength of association (odds ratio) in age-adjusted analyses. Entry to the model was predicated on a p-value b 0.15 in age-adjusted analysis, retention was based on a p-value b 0.1. Given the risk of multi-collinearity, standard errors for all variables were checked with the addition of each variable to the model for indications of instability. Analyses were conducted separately for men and women, given differences in the epidemiology of STIs [18] , gender differences in the experience and reporting of sexual behaviours [21] , and the 'sexual scripts' which shape these behaviours [22] , as well as differences in the reasons for [23] , and type of sexual health service used [8] , and potential differences in the role of risk perception in STI healthcare-use. The final model 1 included only participants for which risk perception data were available to ensure the comparison between the models was not biased by missing data. We hypothesised that the effect of STI risk behaviours on risk perception would be of medium size (OR = 2; Cohen's d of 0.38), and the effect of risk perception on clinic attendance would be small (OR = 1.2; Cohen's d of 0.10) and that risk perception would only partially mediate the effect of risk behaviour on clinic attendance. Under these assumptions, a sample size of around 2680 would be required for 80% power to detect total mediation [24] . We therefore have good power to detect total mediation with our sample size of approximately 3300 men and 4900 women, even under more conservative assumptions. Sample sizes required to detect partial mediation with 80% power are substantially less.
Ethics
Natsal-3 was approved by the Oxfordshire Research Ethics Committee A (reference: 09/0604/27). Verbal informed consent was obtained from participants for the interview, with written informed consent for the urine samples.
Data Sharing
Natsal-3 data are available via the UK Data Archive [25] .
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Results
STI Risk Perception by Age and Sex
Among all sexually-active men aged 16-44 years, 64.2% rated themselves as not at all at risk of STIs, 30.4% as not very much at risk, 4.3% as Fig. 1 . Age-adjusted relative risk ratios (with 95% confidence interval) for rating oneself as greatly/quite a lot or not very much at risk, compared with not at all at risk, by sexual behaviours and presence of STIs in urine in the past year (sexually-active men and women aged 16-44 years). Notes for this figure: Denominator is those aged 16-44 reporting at least one sexual partner in the past year. Graphs show age-adjusted relative risk ratios (with 95% confidence interval) for each outcome, comparing those rating themselves as not very much at risk or greatly/quite a lot at risk with those rating themselves as not at all at risk. 'Unsafe sex' = reported either no condom used at first occasion of sex with a new partner and/or sex with 2+ partners and no condom used with any partner (past year), excluding those who had only oral sex in the past year. Prevalent STI in urine: Chlamydia trachomatis, Neisseria gonorrhoeae, Trichomonas vaginalis, or Mycoplasma genitalium. Denominators for prevalent STI in urine are smaller than for behavioural variables as urine was only requested from a sub-sample of participants. For full data, including denominators, see Supplementary Table 2. quite a lot at risk, and 1.2% as greatly at risk (Table 1) . Women were more likely to rate themselves as not at all at risk: 73.1% rated themselves as not at all at risk, 23.2% as not very much, 2.9% as quite a lot and 0.8% as greatly (Table 1 ; p-value for difference between men and women b 0.001). Risk perception was strongly associated with age, with perceived risk greater among younger men and women (Supplementary Table 1 ).
Risk Perception by Sexual Behaviour and Prevalent STIs
Behavioural and partnership factors known to be related to increased STI risk were strongly associated with rating oneself as greatly/quite a lot at risk, and also associated, but less strongly so, with rating oneself as not very much at risk (both in relation to rating oneself as not at all at risk) (Fig. 1, Supplementary Table 2 ). For example, men reporting 5 or more sexual partners in the past year were 16 times as likely to rate themselves as greatly/quite a lot at risk as those with fewer than 5 partners and 4 times as likely to rate themselves as not very much at risk (corresponding age-adjusted relative risk ratios for women: 15 and 4 respectively).
Despite these strong associations, the absolute proportion of those reporting risk behaviours but not rating themselves as at risk was very high. For example, among those classed as having 'unsafe sex' in the past year (comprising approximately 1 in 5 sexually-active 16-44-year-olds), 39.2% (95% CI: 35.1%-43.5%) of men and 51.0% (47.4%-54.5%) of women rated themselves as not at all at risk of STIs (Table  1) . 59 men and 114 women had a prevalent STI detected in their urine sample at the time of interview (Chlamydia trachomatis in 36 men and 62 women; Neisseria gonorrhoeae in 2 men and 3 women; Mycoplasma genitalium in 24 men and 48 women; Trichomonas vaginalis in 7 women). Among these, 43.5% (29.2%-59.0%) of men and 58.7% (46.8%-69.6%) of women rated themselves as not at all at risk of STIs, and a further 29.4% (17.8%-44.5%) and 29.5% (20.1%-41.0%) respectively rated themselves as not very much at risk (Table 1) . However, of those with a prevalent STI, 63.7% (50.2%-75.3%) of men and 41.8% (31.4%-52.9%) reported having had unsafe sex in the past year.
STI Risk Perception and STI Healthcare-use
Overall, 19.1% (17.8%-20.5%) of sexually-active men and 28.9% (27.5%-30.3%) of sexually-active women reported STI healthcare-use unwt = unweighted; wt = weighted; OR = odds ratio from logistic regression. Unsafe sex = reported either no condom used at first occasion of sex with a new partner and/or sex with 2+ partners and no condom used with any partner (past year); excludes those who had only oral sex in the past year. Model 1 excludes those with missing data for STI risk perception to enable complete case comparison with model 2 (n = 13 men, n = 18 women).
in the past year in terms of reporting sexual health clinic attendance and/or chlamydia testing (Supplementary Table 3 
Discussion
Summary of Key Findings
Using data from a large probability-sample survey of the British population, we found that STI risk perception was higher among population groups in whom STIs are more common, such as younger people, and those reporting behaviours associated with STI risk, suggesting some knowledge of STI risk factors among the general population. However, this was against a backdrop of very low STI risk perception overall and in fact, large proportions of those with markers of high STI risk, including those with a prevalent STI, did not perceive themselves to be at risk. Although STI risk perception was associated with having attended a sexual health clinic and/or being tested for chlamydia in the past year, mediation analysis suggested that risk perception may not be a key mechanism by which risk behaviour leads to STI healthcare-use. Indeed, substantial proportions of those who reported risk behaviours and perceived themselves to be at risk had not attended a sexual health clinic or tested for chlamydia in the past year, thus perceived risk may not be sufficient to prompt STI healthcare-use for many of those at risk.
Strengths and Limitations
The strengths and weaknesses of Natsal-3 have been described in detail elsewhere [16] . Strengths include the use of probability sampling methods to obtain a sample broadly representative of the general population in Britain when the data were collected in 2010-'12, and the detailed behavioural data, combined with demographic, attitudinal, service use and biological (STI) data. The response rate was 58%, in line with other major social surveys conducted at the time. While non-response could be a source of bias for our data, we aimed to minimise this bias as the sample was weighted to the age, sex, and regional profile of the British population at the time of the fieldwork, and after weighting had been applied, the sample was generally comparable to the British population on other demographic characteristics at that time [16] . However, the sampling strategy used for the Natsal studies means that the target population is specifically the population resident in private households in Britain and so excludes those who live in institutions whose behaviour might differ from others. While this sampling strategy is also a potential source of bias, the institutionalised population constitutes a relatively small proportion of the British population.
Natsal is a cross-sectional survey, therefore the ability to examine causal relationships is limited. The mediation analysis of the relationship between STI risk perception and healthcare-seeking should therefore be interpreted with caution, as some reverse causality is likely. For example, receiving positive or negative STI test results may directly influence risk perception and/or behaviour. Moreover it is possible that there is partial mediation through STI risk perception that we were unable to detect due to unmeasured confounding. However, the very minimal changes that adjustment for STI risk perception made to the associations between STI risk behaviours and STI healthcare-use suggests that STI risk perception is unlikely to be a substantial mediator and the results of the mediation analysis are supported by our finding that substantial proportions of those reporting both risk behaviours and high risk perception had not accessed STI services/testing in the past year. Only a single question was asked about STI risk perception, which may not capture the complexity of this concept, for example, individuals' risk perception may change over time, and people may perceive their risk to be different for different STIs. Furthermore, the placement of this question after detailed questions about sexual behaviour may have influenced participants' assessment of their risk. In addition, this question was asked in the face-to-face section of the interview, and although a showcard was used so that participants only needed to give a response code, it is plausible that responses may still be subject to social desirability bias.
We analysed associations between markers of actual risk based on individuals' self-reported risk behaviour and STI risk perception. However, actual STI risk is determined by a combination of one's own behaviour (well known to each individual), that of sexual partner(s) (which may be confounded by lack of accurate information), and the prevalence of STIs in one's sexual network (which is difficult to estimate), hence actual risk cannot be completely captured in an individual interview. Some questions on the characteristics of participants' most recent partners were asked in Natsal, and we have previously found that women whose recent sexual partners were older than them, and men whose recent sexual partners were of a different ethnic background, had higher STI risk perception after adjustment for confounders (paper in press). However, none of these are reliable enough indicators of that partner's actual risk of STIs to improve our classification of participants' overall risk.
Despite these limitations, this paper's analysis does give insight into the discrepancy between risk behaviour, STI risk perception and STI healthcare use, and the inclusion of biological data on prevalent infection provides an additional objective measure of actual risk among a sub-sample of participants. It was not possible to identify participants who are definitively 'low risk' given unknown information about partners' risk factors -for example, we have previously shown that 60% of women with chlamydia detected in urine only reported one sexual partner in the past year [18, 26] . This precluded examination of whether a perception gap exists in the opposite direction, whereby some people have high risk perception despite low actual risk. Finally, although the overall sample size was large, some sub-groups known to be at higher risk of STIs (e.g. men who have sex with men (MSM)) were too small to allow analyses within this sub-group.
Relation to Existing Literature
Our finding of greater risk perception in men compared to women but lower health service use highlights the importance of the many different social, environmental, and individual-level factors that result in any one behaviour. For example, women have more routine opportunities to access or be offered STI testing through attending sexual health services for contraception, chlamydia testing, and cervical smear screening which may both raise women's awareness of, and improve access to, testing. This is also evident from the latest STI surveillance data [27] , which show that in 2017 there were 1,590,094 attendances at sexual health services by women vs. 1,027,472 by men. In terms of young people, an estimated 28% of young females (15-24 years) and 11% of young males were tested for chlamydia through the National Chlamydia Screening Programme in 2017 i.e. chlamydia testing access/coverage was 2.5 times higher in young women than young men.
Our findings of underestimation of personal risks are in line with those from other areas of risky health behaviours, including smoking and alcohol [28] [29] [30] , and with other studies of STI risk perception, including among high-prevalence populations [10] [11] [12] [13] [14] . They are also consistent with our previously reported findings on HIV risk perception [9] . Explanations for low levels of STI risk perception among those at risk have included lack of knowledge about STIs and their prevalence [15, 31] , lack of symptoms [32] , and optimistic bias [32, 33] . It has also been shown that people misjudge their sexual partners' risk [34] , and studies in several populations have described the use of inappropriate markers of partners' STI risk in deciding whether or not to use a condom, including partners' reputation, where they live, demeanour, physical attributes including clothing and personal hygiene, and lack of any visible STI symptoms [15, 31, 33, 35] . Evidence that people generally overestimate the risk of 'visible' phenomena and underestimate the risk of less visible phenomena ('availability bias') [36] suggests that the often invisible and stigmatised nature of STIs may contribute to underestimation of risk.
Interpretation
Low perceived risk is likely to be appropriate for most people in the general British population, given STIs are indeed relatively uncommon, for example chlamydia prevalence is estimated to be around 2-3% in those aged 16-24 years and lower among over-25s [18] . It is also encouraging that those reporting risk behaviours were more likely to perceive themselves as at risk, suggesting some understanding of risk factors for STIs. However, absolute levels of risk perception were low among those with risk behaviours or prevalent infection. The fact that STI risk perception did not appear to be a key mechanism explaining associations between individual risk behaviour and testing/clinic attendance is consistent with theories of behaviour change which point at perception of individual risk as just one element needed for change, alongside other personal, societal and environmental factors [1] . Given the limitations inherent in cross-sectional data described above, further qualitative and/or longitudinal research would be needed to better elucidate the role (if any) of risk perception in prompting STI testing among those at risk.
Conclusions
We have identified falsely optimistic views of personal STI risk among a substantial proportion of those at risk of STIs in the British population, which could have a negative impact on efforts to promote safe sex and STI testing, and the control of STIs. The literature on reasons for inaccurate risk perception described above suggests a number of reasons this may occur, and public health interventions aiming to reduce this perception gap should incorporate these and lessons from the wider risk communication literature and the related field of behavioural insights, including consideration of the role of social, emotional and cognitive influences on risk perception and behaviour [5, 7] . Evidence from these disciplines warns that it may not be possible to eliminate the perception gap, and our data indicate that perceived risk alone is not sufficient for an at-risk individual to engage with STI healthcare, highlighting the importance of diverse approaches to encouraging and enabling STI testing. This could include expanding initiatives such as online services and self-testing, which have the potential to offer convenient means of reaching those at risk who do not currently engage with sexual health care. These findings also support public health messaging that emphasise triggers to testing other than risk perception. For example, in England, regular testing for HIV and STIs is strongly recommended for those with recognised risk behaviours, and the National Chlamydia Screening Programme provides opportunistic screening to sexually-active young people and recommends that anyone under 25 who is sexually-active should be screened for chlamydia annually (regardless of symptoms and perceived risk), and on change of sexual partner [27] . Given the disparity in risk perception and prevalent STI identified in this study, such approaches would seem an appropriate public health measure.
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